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ECONOMIC PERSPECTIVES 
Developing a 
knowledge economy 
in Scotland: 
Lessons from the operation of 
the LINK Programme 
by Margaret Cuthbert, MC Economics Ltd 
Introduction 
The devolution settlement has produced a division of 
powers between the Scottish Parliament and Westminster 
that cuts across the boundaries of certain key policy areas. 
One such area is the development of the knowledge-based 
economy. Here, powers on trade and industry, finance, the 
economy, and employment are reserved to Westminster. 
Relevant powers that are devolved are education and 
enterprise. Given this division, it is appropriate to ask how 
effectively the government's strategy to create and develop 
a knowledge-based economy in Scotland is operating, and 
whether there is effective co-ordination between reserved 
and devolved powers in this area. This article examines this 
question by studying the operation of one of the govern-
ment's main instruments for the development of the 
knowledge economy, namely the LINK programme. 
Our findings are that Scottish industry's involvement in the 
LINK programme is low, both in terms of what might be 
expected given the size of Scotland's high and medium high 
technology sectors, and in terms of its university participa-
tion in the programme. A number of potential reasons for 
this low participation are put forward here. It is clear that 
there are a number of contributory factors, of which the 
main is the low number of firms in Scotland carrying out 
R&D. However, we suggest that the current division of 
powers between the two governments does not necessarily 
assist the development of a knowledge economy in Scot-
land, and that changes are required to improve the situa-
tion. Some possible changes are considered. 
The knowledge based economy 
A useful definition of a knowledge economy was given by 
the Department of Trade and Industry, 1998, "A knowledge-
driven economy is one in which the generation and exploita-
tion of knowledge play the predominant part in the creation 
of wealth".1 
Traditionally, neo-classical economics recognised only two 
factors of production: labour and capital. Knowledge, 
productivity, education, and intellectual capital were all 
regarded as exogenous factors: that is, falling outside the 
system. New Growth Theory regards technology (and the 
knowledge on which it is based) as an intrinsic part of the 
economic system. In this sense, knowledge is the third 
factor of production in leading economies (Romer, 1986; 
1990)2. 
The knowledge economy is generally regarded as compris-
ing the following three elements: the building of the science 
research base, the production of well qualified profession-
als and technicians, and a good interaction between firms 
and the science base to ensure that firms maximise their 
opportunities to become fully competitive. It is generally 
agreed that any policy focusing on one of these ingredients 
independently of the others is likely to have limited success 
in improving a country's competitive standing. Each stage 
needs to be working properly, from the generation of ideas 
to the final sale of the products and services. "Investment 
in basic research is just one part of the cycle. Knowledge 
must flow out of the science base into products and 
services."3 
The commitment by UK and Scottish 
governments to the knowledge economy 
In the UK, the government's aim is "to invest in the science 
base, with measures to open up channels to allow scientific 
know-how to flow beneficially through to society, into 
business and jobs."4 This is not only a UK policy, but is one 
which is being actively pursued for Scotland by the Scottish 
Executive which has stated clearly its commitment to 
providing a supportive framework for the development of a 
knowledge based economy in Scotland.5-6 Its reports point 
not only to the need to support university based research 
but also to measures to improve skills and new firm 
formation, and to the benefits of concentrating on crucial 
industrial sectors where Scotland already has business and 
academic strengths. These include healthcare and life 
sciences, oil and gas, telecommunications, opto-electronics 
and semiconductors, software and related e-business. 
In pursuing its policy, the Scottish Executive directly spend 
£74 million on science, engineering and technology (SET), 
and a further £136.7 million through the Scottish Higher 
Education Funding Council to support the HEI research 
base.7 But to make its policy succeed, there has to be good 
use made of the funds which are reserved, that is, remain 
under the control of UK government departments. In total, 
UK government on SET in 2000-01 was £6,969 million. We 
note that 79% of the budget of the Department of Trade 
and Industry (DTI) is reserved. The reserved budget on SET 
is important to Scotland first, because of its size, but also 
because DTI responsibilities cover some of the most 
important programmes encouraging industry R&D. Among 
these, LINK is recognised as the principal mechanism for 
promoting pre-competitive research between industry and 
the research base. 
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LINK 
LINK provides general support and funding by government 
for collaborative R&D projects involving industry and the UK 
research base: (research institutes and higher education 
institutions). It was first introduced in 1988. Essentially, 
based on the findings of think tanks on where industry 
might be going in the future, (the Foresight Panels), deci-
sions are made by the LINK Directorate on key areas in UK 
industry where pre competitive research is needed. Aca-
demics and industry are invited to form partnerships and 
submit projects which the LINK programme will consider for 
funding and support. It is then hoped that this support will 
encourage industry to invest in further work and that this 
will lead to commercially successful products, processes, 
systems and services. 
LINK covers five broad areas. These are electronics/ 
communications/IT, food/agriculture, biosciences/medical, 
materials/chemicals, and energy/engineering. 
-> Opportunities for networking and sharing ideas with 
experts from many fields. 
-> Publicity and raised profile for the firm 
LINK'S operation 
The need for a programme such as LINK is evident in 
Scotland. The latest published figures by the DTI on 
business enterprise research and development for manu-
facturing production as a percentage of gross value added 
are for 1997 and show Scotland's percentage as 1.9% 
relative to a UK figure of 5.1%. ONS statistics on business 
expenditure on R&D as a percentage of GDP show Scotland 
at 0.6% in 1998 compared with a UK average of 1.2%. And, 
in expenditure statistics on R&D performed in UK busi-
nesses in 1998, Scotland's share of R&D expenditure is 
3.2%. All of these indicators show evidence of a serious 
lack of R&D in Scottish industry. 
LINK programmes are currently sponsored by a range of 
government departments - depending on subject area. 
Within each of the above areas, there are several pro-
grammes, and within each programme there are then calls 
for specific projects, each of which can be sponsored by 
additional government departments and/or research 
councils. The role of the sponsor is an important one: 
First, it allows an individual department or group of depart-
ments/research councils to be part of the decision making 
process in determining which topics will go ahead under 
LINK. Second, applications are submitted under the 
programme by partnerships of universities, research 
institutes and companies. The lead partner is usually a 
university, and if the academics have difficulty in finding an 
industrial partner, they are likely to ask for some assistance 
in so doing from the sponsors. Sponsors play an important 
role, therefore, both in influencing the area of research and 
in helping to find industrial partners. 
LINK has proved to be a fairly successful vehicle for 
stimulating and supporting pre competitive research. The 
evaluation of the Enhanced Engineering Materials pro-
gramme, for example, showed that the £10 million invest-
ment by government generated benefits to industry of £200 
million. Particular benefits to companies taking part in LINK 
include: 
-> Access to high quality research and leading edge 
science. 
-> Acceleration of the research process and a likely 
significant reduction in the investment required for 
each industry partner. 
-> Provision of partners with means to create new IP and 
new and improved products, processes and services. 
How then has LINK worked in Scotland and assisted pre 
competitive research in industry in Scotland? 
For the present research, the Department of Trade and 
Industry have provided information that they have collated 
on the operation of LINK. The number of collaborations, 
that is the number of times individual institutions, firms, 
etc., have taken part in LINK programmes, are as follows: 
Table 1: LINK Collaborations by location (i.e. collaborator 
times their projects) 
Type of collaboration 
Large enterprise 
foreign owned 
Small/medium enterprise 
foreign owned 
Enterprises, size unknown 
All Enterprises 
Higher education institutions 
Other research base 
institutions 
Charities 
Other bodies 
Total 
UK 
1399 
467 
1155 
111 
705 
3837 
1484 
542 
21 
245 
6129 
Not 
known 
800 
259 
622 
69 
591 
2341 
0 
38 
16 
130 
2525 
Scotland 
8 
2 
45 
1 
11 
67 
146 
60 
1 
6 
280 
Scotland 
asXof 
firms of 
known 
location 
1.3 
0.96 
8.4 
2.3 
9.6 
4.5 
9.8 
12.3 
20.0 
5.2 
7.8 
Source: Office of Science and Technology, DTI, 2001. 
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The f i rs t th ing to note f rom Table 1 is t he very large number 
of "not -knowns" with regard to locat ion. From the DTI's 
point of view th is appears to be reasonable: "We do not 
hold in format ion central ly on where projects or iginate nor 
where their research is carr ied out. LINK aims at scient i f ic 
excellence so geographical factors are i r re levant" .8 Whi le 
th is point of view may be appropr ia te to the DTI f rom a UK 
standpoint , the Scott ish Executive should ideally have th is 
in format ion to adequately discharge its industr ia l policy. 
The advice given by the DTI in work ing wi th the above data 
was to subtract the not-knowns f rom the UK f igures. "This 
assumes we are no less likely to know if a col laborator is 
Scott ish than if it is f rom anywhere else in the UK. This 
seems a fair assumpt ion" . 8 
Following this advice in calculating percentage share, we 
estimate that Scotland has 4.5% of enterprise collabora-
tions where the geographical location has been recorded. 
Given that Scotland has 7.4% of the number of firms 
collaborating, the lower percentage of collaborations shows 
that the average number of collaborations per firm involved 
in LINK in Scotland is less than that for firms in the UK as a 
whole. For large enterprises, Scottish firms represent only 
1.3% of known-location collaborations, and among foreign 
owned large enterprises, it is less than 1%. 
In contrast to the small percentages of Scottish based 
business participation in LINK collaborations, the Scottish 
university sector has been reasonably involved: its 146 
collaborations represent 9.8% of all UK HEI collaborations. 
However, while the average performance per Scottish 
university is 11 or more projects, the range is from Edin-
burgh University which has 27 to Abertay, Dundee, Paisley 
and Glasgow Caledonian which each have one. 
The very large number of collaborations where the location 
is unknown is unsatisfactory from the point of view of this 
study. In order to improve confidence in the resulting 
statistics it was necessary to gather ancillary information. 
To obtain more clarification, further information was sought 
from two of the largest industrially linked research councils: 
EPSRC and BBSRC. Their information is as follows: 
EPSRC 
The Engineering and Physical Sciences Research Council 
(EPSRC) , which is the largest of the government's research 
councils, had a spend of £91 million on LINK projects to 
April 2000. Note that in money terms, EPSRC support in 
LINK is around 35% of the total LINK spend by government 
departments. EPSRC holds information on the numbers of 
companies and total number of collaborations in its 
projects. The following table shows the numbers of firms 
collaborating in LINK and the number of collaborations 
since their records began. 
The figure of 4.0% for collaborators is substantially lower 
than the estimate from the DTI of 7.4% for Scottish collabo-
rators which was based on DTI data excluding "not-
knowns". For collaborations, the figure of 3.5% is also lower 
than that based on DTI data (4.5%). There is nothing in this 
EPSRC data therefore to suggest that the DTI figures under-
estimate Scottish collaboration. If anything, they suggest 
that the DTI figures may give an over-estimate. 
It is also relevant to note that, it is projects in the fields of 
electronics, (including opto-electronics), communications, 
IT, engineering, and materials which are the areas sup-
ported by EPSRC. These are some of the main industry 
clusters in Scotland's economic strategy, yet the represen-
tation by Scottish firms in the projects is only 3.5%. 
Table 2: EPSRC Link Projects 
EPSRC UK Scotland Percent 
LINK Companies 501 20 4.0 
LINK Collaborations 751 26 3.5 
Source: Private Correspondence EPSRC 
BBSRC 
From information on BBSRC (Biotechnology and Biological 
Sciences Research Council) company collaborations in 
LINK, provided by the DTI in private correspondence, 153 
collaborations took place between May 1996 and June 
2000. The numbers include all non-research base partners. 
Here again, the data held had "address unknown" in 60% 
of the cases, but as the company names and other informa-
tion was supplied it was possible to find addresses for most 
of the cases. Of the total, 5 of the collaborations were in 
Scotland and 138 in the rest of UK with 10 still unknown; 
that is collaboration by companies in Scotland represented 
3.5% of the total UK known address collaborations. This 
estimate is the same as that for the EPSRC collaborations. 
To summarise, the data from the two main research 
councils supporting industry LINK projects confirm the low 
participation rates of firms based in Scotland in the UK 
LINK programmes. If anything, they suggest that the figures 
from the DTI are an over estimate. 
Interpretation 
The evidence above shows clearly tha t part ic ipat ion by 
f i rms based in Scot land in the LINK programme is low. It 
shows that a government init iat ive tha t was introduced 
specif ical ly to encourage pre-competit ive industry research 
has singularly fai led to deliver in Scot land. This is part icu-
larly worrying as the LINK programme aimed to improve 
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industr ial R&D, and Scot land has a poor rate of business 
R&D as a percentage of GDP being about one half of tha t 
for the UK as a whole. 
The natural quest ion to ask is why th is is the case? We 
explore here a number of possibi l i t ies as to why there 
appears to be a relative fai lure by companies in Scot land to 
take part in th is assisted programme, and consider the 
fol lowing: 
-> Is the low part ic ipat ion simply a ref lect ion of the 
relative number of companies in Scotland that have the 
capacity to use LINK? 
-> Is it tha t the less industr ial R&D there is in an area, the 
less the programme is likely to be of use? 
-> Is there a lack of university based partners in Scot-
land? 
-> Is there a lack of networking and lack of assistance in 
f ind ing partners in Scot land? 
- ^ Are the projects specif ied within the main themes 
relevant to Scott ish industry? 
Is the low participation simply a reflection of the relative 
lack of capacity in Scotland to use LINK? 
The latest Regional Competitiveness Indicators from the 
DTI, August 2000, show the number and percentage of 
employee jobs in high and medium high technology sectors 
in 1998. As the table below shows, employee in Scotland 
represented 7.2% of all GB employees in these sectors. As 
a proxy indicator of industry's capacity to use LINK in 
Scotland, these figures would suggest that Scotland does 
indeed have a lower concentration on high and medium 
high technology than Britain as a whole, however, the 
difference in concentration is small. Thus, while lack of 
capacity may be a contributory factor, it is not likely to be 
the major factor for Scottish business' poor performance in 
LINK. 
Table 3: Numbers and Percentages of Total Employee Jobs in 
High and Medium High Technology Sectors 1999 
UK Scotland Scotland 
Numbers Numbers as 
(V00) Percent ('000) Percent %ofGB 
Employees 1427.8 5.6 112.2 5.3 7.9 
Source: Department of Trade and Industry, Regional Competitiveness 
Indicators, September 2001. 
Is it that the less industrial R&D there is in an area, the 
less the LINK programme is likely to be of use? 
It seem reasonable to believe that the very low level of 
business R&D carried out in Scotland is the principal 
reason why the LINK programme has failed to deliver in 
Scotland. Academics working on LINK projects and inter-
viewed by the author noted the difficulty of finding indus-
trial partners in Scotland. However, if it is indeed the case 
that the less industrial R&D there is in an area, the less 
LINK works, then this has major policy implications which 
we discuss below. 
Is there a lack of university based partners in Scotland? 
Our analysis shows that the higher education institutions in 
Scotland are active players in LINK and have far greater 
relative involvement in LINK as measured by the percent-
age of Scottish based university collaborations in total UK 
university LINK collaborations compared with the percent-
age of industry collaborations from Scotland. Scottish 
businesses are recorded as having been involved in 66 
LINK collaborations, and universities and other research 
institutions in Scotland in 206 collaborations. Even allowing 
for a proportionate share of "address unknown" to be 
Scottish firms, there is clear evidence that the Scottish 
academic research base is turning to companies in other 
parts of the UK for LINK partnerships. 
Is there a lack of networking and lack of assistance in 
finding partners in Scotland? 
As the programme is a reserved matter, the Industry 
Depar tment in the Scott ish Executive plays no active role. 
Firms that do enquire are signposted to the DTI website. A 
usual route into part ic ipat ion in LINK however is through 
the universit ies. Researchers in University depar tments 
generally bring the partnerships together and it is here that 
sponsors can play a crucial role in help ing them f ind 
partners. There is l imited involvement by the Scottish 
Executive as sponsors in the LINK programme. Among all 
LINK projects that are currently "open" to potential collabo-
rators, the pattern of Scott ish Executive depar tments ' 
involvement is as fol lows: 
- ^ B iosc iences/Medica l : there are f ive major programmes 
covering topics such as applied genomics, analytical 
biotechnology, and genetic and environmental interac-
t ions in heal th. There is no Scott ish Executive sponsor-
ship. 
-^ Electronics/Communicat ions/ IT: there are seven 
programmes with the Scott ish Executive providing 
sponsorship in one: mobile phones and heal th. 
- ^ Energy/Engineering: there are seven programmes, with 
no sponsorship by the Scottish Executive. These cover, 
for example, susta inable technologies, oil and gas 
extract ion, and integrat ion in design and construct ion. 
- ^ Food/Agriculture: Of the nine open programmes, 
Scott ish Depar tments assist in sponsor ing three, with a 
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fur ther possible interest in f ive others on a project by 
project basis. 
Are the projects specified within the main themes relevant 
to Scottish industry? 
Scottish Enterprise has been pursuing a cluster policy with 
four clusters: Oil and Gas, Food, Semi-conductors and 
Biotechnology. Clustering is regarded as one method 
whereby companies can form beneficial relationships with 
other businesses, their suppliers, and the wider community, 
particularly research and education. These relationships 
can improve innovation capability, the rate of new company 
start-up, the growth of existing businesses and the ability to 
win knowledge-based inward investment. The task force on 
the knowledge economy noted that, "As a small economy, 
Scotland cannot develop the necessary critical mass and 
support the infrastructure necessary for a wide range of 
unrelated industries. It is not therefore possible for Scot-
land to be competitive in all clusters. This makes it vital 
that we have research strengths in Scottish HEIs and 
research institutes that are linked as closely as possible to 
those areas of business in which Scotland can compete 
most effectively." 
However, as noted above, the Scottish Executive depart-
ments play a very limited part in contributing to programme 
selection or project selection within LINK programmes in 
energy/engineering, biosciences/medical and electronics/ 
communications/IT. Thus while the broad programme areas 
in LINK are relevant to Scotland's industrial policy, the 
required link to enable: 
-> Fashioning relevant projects 
- ^ Assisting in forming collaborative ventures with other 
government departments and research councils under 
LINK 
-> Assisting in forming local LINK partnerships between 
firms and universities in Scotland has rarely been in 
existence. 
Overall, a picture emerges in Scotland of poor participation 
by businesses in LINK. While there is a fairly substantial 
medium and high technology sector, there is relatively little 
R&D carried out by business. The higher education sector is 
collaborating in LINK principally with businesses in other 
parts of the UK. There is poor networking and a lack of 
assistance to business in finding HEI and other partners, 
and there is very limited involvement by Scottish Executive 
departments in the selection of LINK programmes and in 
project selection within programmes. 
Policy Implications 
These f indings have a number of impl icat ions for the design 
of policy a imed at improving the knowledge economy in 
Scot land. LINK programmes do not appear to be work ing 
eff ic ient ly wi th the Scott ish Executive strategy for a knowl-
edge economy. There needs to be both greater Scott ish 
involvement at decision mak ing stages in the UK and 
greater focus on businesses in Scot land, especial ly in the 
clusters def ined by Scot land's economic strategy. 
Based on our f indings, we suggest the fol lowing. First, as a 
pre requisite in unders tand ing how the LINK programme 
might be work ing in Scot land, the Scott ish Executive should 
encourage t he DTI and Research Councils to improve their 
data bases to record locat ion. It is d i f f icul t to imagine how 
we can have a jo ined up policy for a knowledge economy 
wi thout such basic in format ion. Second, there needs to be 
greater involvement by Scott ish Executive depar tments in 
various aspects of th is reserved programme. This should 
include direct involvement in programme select ion and 
project select ion within programmes to maximise the 
opportuni ty of synergy between government assisted pre-
compet i t ive research and the Scott ish Executive's cluster 
policy. Third, the Scott ish Executive needs to consider how 
it can improve network ing in Scot land, part icularly in l inking 
universit ies and businesses for such pre-competit ive 
research. Fourth, LINK is not going to strengthen the 
industr ia l research base in Scotland if many f i rms in 
Scot land do not have the research capacity to make use of 
it. If therefore, the low R&D in Scot land is one of the main 
factors contr ibut ing to the low performance of LINK, then it 
is t ime to consider how to improve the level of R&D, and to 
br ing in complementary pre-LINK programmes specif ical ly 
for businesses in Scot land to address th is market fai lure. 
However, a large part of such suppor t is sti l l a reserved 
matter. 
At present, rather than helping to remedy the low rate of 
R&D in Scot land, the LINK programme is in a sense 
reinforcing it, as it assists those areas that are receptive to 
R&D. As LINK is at t ract ing Scott ish universit ies and 
research inst i tut ions, th is means that they are turn ing to 
companies in other parts of the UK to form LINK partner-
ships. This again shows either a fai lure of current busi-
nesses in Scot land in R&D or a fai lure of l inkage. Either 
way, any f inancia l assistance given by the Scott ish Execu-
t ive t o higher educat ion inst i tut ions to develop business 
par tnerships in research is more likely strengthen business 
elsewhere unt i l major ef forts are made to put Scott ish 
business in a posit ion to benef i t f rom the st rengthening of 
the higher educat ion sector. 
How well Scot land accesses fund ing which is reserved is 
crucial , not only for the Higher Education Inst i tut ions in 
Scot land, but for the compet i t ive posit ion of businesses in 
Scot land. The overall level of fund ing for science, engineer-
ing and technology in the UK has been shown to be large, 
and most is reserved. Analysis of th is one f lagship pro-
gramme for pre-competit ive research shows the poor 
involvement of Scott ish businesses, and we suggest that 
th is is in part due to the lack of involvement of the Scott ish 
Executive in th is reserved matter. If this poor involvement 
were repeated in other SET reserved areas, then Scott ish 
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business and the knowledge economy would be being ill-
served. There is some evidence that th is may be the case. 
For example, among all EPSRC collaborative programmes 
recorded in their data base, Scott ish businesses make up 
only 4 .3% of the total of all UK business col laborat ions. 
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